19 Federal Republic 12 
of Germany 

10 
21 
22 

German patent and 43 
Trademark Office 


OLS 51 Int CI * C23C 16/44 

DE 199 04 311 Al 

Reference number: 1 99 04 3 1 1 .6 
Application date: January 28, 1999 
Inspection date: August 12, 1999 


30 Union priority: 72 Inventors: 

019900 Febmao 6, 1998 US Shu, Jen, Saratoga. Calif. US; 

Thomas. Michael E., Milpitas, Calif. US 

71 Applicant; 

National Semiconductor Corporation. 
Santa Clara, Calif, US 

74 Representative: 

Spanng, Roehl. Henseler, 40237 
Duesseldorf 


The following data are taken from information submitted by the applicant 

Motion for examination is made based on § 44 Patent Law 

54 Process for applying a carbon-doped thin film of silicon dioxide onto a substrate 

57 ' The invention concerns a process for applying a carbon-doped thm 

film of silicon dioxide onto a substrate and one or several reaction 
gasses containing carbon, silicon and oxygen is introduced into the 
chamber containing the substrate and a chemical deposition from 
the gaseous phase is undertaken and in the chamber a plasma is 
produced with a density of greater than 10" ions/m^ containing a 
large number of dissociated components of the reaction gasses and 


the components are forced to circulate onto the surface 
substrate. 
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Description 


mixtures suci 


The invention concerns a process for applying a carbon-doped thin film of silicon dioxide 
onto a substrate based on the preamble of Claim 1 . 

Insulating thin layers of silicon dioxide are used in semiconductor devices in order to 
insulate electric compounds in an even plane or between vanous planes. The denser the wrong 
connection, the more frequently parasitic couplings occur, however which impair performance. 
For this reason insulating layers with low dielectric constants are desirable. 

Pure silicon dioxide films have a dielectric constant of about k = 4 and are usually 
produced by oxidizing pure silicon using O, or H,0 gas or they are supported by chemical 
deposition from the gaseous phase, if necessary plasma, and as reaction gas one may use gas 
:h as SiH..'Ar/N,0. SiH,/Ar'NO and/or S,H./Ar/0., as reaction gasses Chemical 
deposition from the gaseous phase is used mostly for the intermediate compound dielectncs. 

!, is well knowT^ how to incorporate fluorine into the silicon dioxide matnx in order to 
lower the dielectric constant with the result being an F,SiO. matnx. Here within the context of 
the chemical deposition from the gaseous phase SiF. is used in the mixture as reaction gas 
together with silane and oxygen. By means of this the dielectric constant can be reduced to about 
k = 3.5. Lower values cannot be achieved due to the stability of the thin film and because of 

moisture absorption problems. 

I, is also well known how to use a centrftigal coating in order to obtain a carbon- 
containing SiO. with a dielectric constant of about k = 3.0. Although such thin films are suitable 
for a good many applications including for intermediate compound dielectrics, this process has 


I 


numerous preparation disadvantages. T^us, th.s «qu.res the use of liquids and tt produces waste 
.atenals wh.ch have to be disposed of. Frequently fl.s ..th h,gh OH' concentrations are 
produced, .n addition, such thin f.ms are frequently unstable w,th respect to temperature, they 
have low tensile strength, they are burdened wuh mo.sture adsorpt.on/desorpt.on problems 
As,de from that, many manufacturers prefer the chem.cal depos.t.on from the gaseous phase 

Consequently .t ,s well known how to produce organ.cally doped sihcon d.ox.de films by 
means of chemical deposU.on from the gaseous phase and how to use as precursor substances 
methv. s,.ane (CH,-S.H,) or phenyl sUane (C.H,S,H,.) as a substitute for the silane precursor, 
ne methyl or phenyl group .s only partly d.ssoc.ated where a few of the methyl or phenyl 

together wuh H.O. Such organ.cally doped s.licon d,ox,de f.lms ..,h are produced by cH.m.cal 

e nh..^ frenuemW have low adhesion and moisture absorption and 
deposition from the gaseous phase trequentiy na 

temperature stability problems. 

„ „ also well know, how to use thm f.lms of organic polymers, for example p.lMm,ds. 

respect to the.r tn.egrat.on. these substances are problemafc. 

Dunna plasma-supported chem.cal depos.tion from the gaseous phase .PE-CV,., ,he 
,eac..on gases are panly d.ssoc.ated .n the plasma as a result of the coll.s.ons w.th el.cr.ns .nd 
other molecules and rad.cals. Nevertheless, many carbon atoms remain bonded to ov.en. 

„„con. hvdrogen and other carbon atoms dunng the depos.tion process. In an undes.rable .av. 

.anv of the carbon atoms remam bonded to these components even after adsorpt.on to the 
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substrate and incorporation into the s.l.con dioxide films. These carbon atoms are no. fineW 

piasma-supported chent.ca. depos.t.on a scrtes of react.on gasses is used .nc.ud.n, 
,e.raethvlorthos.l.ca.e (TEOS or S.(OC.H,).). methyl tnmethoxys.lane (MTMS or 
SiCH,,OC.H,,, and phenyltnmethoxys.lane (PTMS or S.C.H.OC.H,,,). Ox.de depos.t.on 
which uses h,ghly d.Iuted TEOS/0. and precursors such as S,(OC.H.UOH). and Si(OC.H.,A. 
„ has n = 0-3. was produced wtth good deposition results since w.th .t good adhesion propert.es 
, , . , s^T^'ar ~^ui.« are obtatned .n conjunction w,th PTMS. However, the presence of 
carbon leads to undes.rable hydrocarbon fragments in the resulting layer of oxide and to poor 

.,em,cal depos.t.on from the gaseous phase or by centnfugal coat.ng. Both spectra show 
...ncan, pea^s at cm ' and 1027 cm height of these ^a.s add.uonally shows that 

, J ■ V, cin mainx as desired, rather they are bonded lo 
the carbon atoms are not isolated .n the S.O, matnx. as 

hvdrogen atoms which were not d.ssoc.ated dunng the depos.t.on. 

.h,ch makes ,t poss.b.e to produce a thin layer w.th a low d.e.ectrtc constant 

Th,s problem .s solved according to the charactertz.ng port.on of Claim 1 . 
Thanks to th.s d.e.ectnc constants can be ach.eved in the range from k = 2 5 to 3 5 and 
especallv .n the range from k = 2.9 to 3.2. In the S.O.C, th.n film there .s add.t.ona.ly a 
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of which improved thin film properties are produced with respect to tensile strength and thermal 
stability. A minimum number of "dangling" bonds is obtained. The carbon atoms are finely 
distnbuted m the amorphous silicon dioxide matrix and thus result in the very low d.electnc 

constant. 

Additional embod>ments of the invention are to be found m the following descnption and 
subclaims. 

In the following the invention will be described in greater detail in conjunction with the 

attached figures. 

Figure 1 shows an infrared spectrum of an SiQ.C, thin film which had been produced by 
chemical deposition from the gaseous phase 

Figure 2 shows an infrared spectrum of an SiO.C, thin film which had been produced by 

centnfugal coating. 

Figure 3 shows schemafcally a device for producing a thin film usmg a highly dense 

plasma. 

TTie device illustrated in Figure 3 for the chemical deposition from the gaseous phase 
usmg a highly dense plasma (HDP-CVD. High Density Plasma Chem.cal Vapor Deposition) 
comprises a central chamber 2 in which the semiconductor or insulator substrates 4 s.t on a boat 
which does not ham, substrates 4 or introduce any sort of .mpunt.es imo substrates 4. Boat 6 
preferably consists of graphite or quaru. Central chamber 2 consist, of a material which is 
capable of resisting pressures of less than I mTorr or less, is minimally out-gassed at such 
pressures and it does no, create any impurities which penetrate the inside of chamber 2 or 
substrates 4 or a thin film located thereon. Chamber 2 preferably consists of a ceramic matenal. 


however a metal such as stainless steel or aluminum may also be used. Central chamber 2 
operates at an operating pressure which is much lower than in ordinary chambers for chemical 
deposition from the gaseous phase or plasma-supported chemical deposition from the gaseous 
phase. The pressure within chamber 2 is preferably 5 mTorr, whereas with plasma-supported 
chemical deposition from the gaseous^ phase typically a pressure of about 2 Ton is used. The 
density of the plasma within chamber 2 is much higher than in the nom^al chemical deposition 
from the gaseous phase even if it is plasma supported and it is preferably above 10" ions/m\ 
preferably in the range from 10'* to 10^^ and especially in the range 10" to iO" ions/'m'. The 
density of the plasma could also be higher, however. In comparison to this at the typical 
operating pressure of a chamber for plasma-supponed chemical deposition from the gaseous the 
plasma density lies within the range from 10'* to 10'* ion5ym\ 

Electromagnetic energy is introduced by producing preferably a linear or almost linear 
electric field or a B magnetic field. The electromagnetic field is enough to increase the 
dissociation of the reaction panner and oxidation gasses considerably within chamber 2, The 
applied electromagnetic field causes the increased dissociation by producing a high-energy 
plasma within chamber 2. A high dissociation energy caused by the electromagnetic field and 
fast-moving electrons and ions within chamber 2 as well as the density of the plasma itself result 
in increased collisions which produce molecules, ions, elements and/or radicals which are 
components of the reaction gas which was imtially introduced into chamber 2. 

Thanks to the high ion density of the plasma within chamber 2 and the electromagnetic 
field a very high number of successful dissociation reactions are achieved between ions and 
molecules. Although the free path is determined by the pressure, the yield of dissociation 
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reactions is t>pically produced by using a magnetic f.eld thanks to which larger paths of the ions 
are brought about before they are captured on the electrode. Accordingly, the high ion density of 
the plasma along with the magnetic field causes a larger toul number of collision to occur 
between reaction pan.c.pants, components and ions within the plasma. The degree of 
dissociation of the reaction participants and components in the plasma is increased by this since 
each ion experiences more collisions along its path before it is adsorbed on the substrate 4, 

The total number of collisions in the illustrated device is especially increased by the fact 
that the applied magnetic field forces the reaction participants and components to move 
circularly, spirally or helically. TTiis spiral movement increases the paths by means of which the 
total number of collisions increases and the degree of dissociation within chamber is increased 
considerably. 

The magnetic field is preferably produced by a current-carrying coil which extends 
linearly and homogeneously along the length of chamber 2. Charged electrodes, ions and radicals 
are conducted spirally as a result of the electromagnetic field. These fast-moving. charged 
panicles collide with the reaction participants and break these laner up and the oxidation gasses, 
,f they are introduced into chamber 2. produce simpler ions and radicals. Under optimum 
conditions the dissociation ,n chamber 2 proceeds to such an extent that a large number of 
panicles, after they were subjected to plasma conditions over their paths, are elementary and 

electron components of the reagent. 

Substrates 4 are preferably silicon wafers, however they may also consist of any other 
semiconductor or insulation material. TT,* silicon wafers may be of the p- or n-type. doped or 
undoped and they have differing concentrations of doping agent. The wafers may be polished or 
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unpolished The wafers may cons.st of untreated, doped or andoped material or they may be 

partly treated. 

One or several reacon gasses may be introduced into chamber 2 though one or several 
inlet openings 8. The mtroducmg of any rcacfon gas ,s controlled separately by gas tlo^ valve 


can be introduced into chamber 2 in order to 


10 so that specific mixtures of reaction gasses 

. A ,- rharr^K^r 7 i<; also controlled by a valve so that the suitable 

maximize the application conditions. Chamber 2 is also coniroiie y 

gas mixture is achieved in chamber 2. 

. -u Mc-H are meLhane (CH,) and silane (SiH,), 

A few preferred reaction gasscs whith may t>e use« are ...cl.i<ii.- . 

/xtrnc <;ifOrHn methyl trimethoxy silane (MTMS or 

tetraeihylorthosihcate (TEOS or Sl(UC,H5J4^ 

SiCH,,OC.H,),) and phenyl tnmethoxysUane (PTMS or S.C.H,(OC.H,),). What .s common to 
these is that they all contain carbon and siUcon. Other react.on gasses may be used .h,ch 
contam e.ther carbon and sUtcon or one of these elements or none thereof, however ,s preferred 
.ha, they contain either a reaction gas or a combmat.on of reaction gasses of carbon and s.l.con 
,f the react,on gasses do not contain any oxygen as .s the case w,th the comb.nat.on o. mchane 
and s,lane. .t is preferred introducing an oxidation gas into chamber 2 separately ,o,.her .„h 

reacfon gasses .n the plasma carbon >s mtroduced ,nto the amorphous s.l.con ma.r.x and .v, 
reaches the substrate surface. Together with the just-ment.oned reaction gasses an ov,dat,on 
agent and a dilution gas are preferably inuoduced mto chamber 2. 

Non.react.ng gasses may also be .ntroduced .nto chamber 2 and they act as .n.uators m 
order to facUitate and promote .on.zation and dissoc.at.on w.thin the plasma for the r.acon 
gasses. I. is preferred us,ng only ,nert gasses such as argon since .n contrast of the .hcm.cal 
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aepos.,.0. fron, .he gaseous phase, plasn^a-suppcned or no,. d.ato..c d.lu.ion passes such as H. 
o. O. .av be eas-ly d.ssoc.a.ed .n cha.be: 2 and .hen bond ...h .he carbon a.o.s or o.her 
.o.ponen.s wi.HIn .he resuU.n, .hin fUm on subs.ra.e 4 since .he degree of d,ssoc.a..on .s 
correspond,ngly increased .n chamber 2 because of the h.ghly dense plasma. 

A, .lumber 2 are exposed .o the magnetic and or electric field as 
If the reaction gasses inside chamber l are expc^cu 

.el. as to constant bombardment by e.ecuons as well as lons and radicals .hen chamber 2 and 
3ubs.ra,e 4 become very ho. due .0 .he abscrp.ion of ho. component from U,e plasma. 

f.,uen.ly necessary .o heat subs.ra.e 4 ft^er in ,rder ,o increase .he surface reacnvi.y. 

•t .v^t>im fumace 12 with a furnace conirol 13 or 
Substrate 4 may be heated by arranging U within fumace 

bombarding it with electrons or photons. 

corresponding .0 a prede.ermined composition reac.ions gasses. oxida.ion gasses and 
a.,u.ion gasses are introduced into chamber 2 ,n which highly dense plasma is produced using 
electromagnetic fields and the dissociated components of .he reaction gasses are forced to 
emulate onto the surface of subs.ra.e 4. T.e rate at which the gaseous reaction participants and 
,heir dissocia.ed componen.s reach .he subs.ra.e surface depends on .he mass transport pro^rties 
of tbe plasma and is only slightly temperature dependent. T.e chemical deposition using a 
Highly dense plasma gives attractive gaseous phase concentrations and conse.uen.lv 

corresponding thin films. 

The dissociated component of Oie reac.ion gasses are moved circularly in order ,0 
approach subsua.e 4. The com^nents are located on .he subs.ra.e if an adsorp.ion can .a.e 
place easily. Before an adsorp.ion U^es the components occupy a position adjacent to the 
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substrate which is near er,ough to .he substrate so that a dipol^ipol or ion reciprocal reaction 
may take place bet^.een the components and the atoms on the substrate surface Nvith sufficient 
probability so that the components are bonded to the surface. In so doing, collision may take 
place possibly between the components and the substrate surface. 

On the boundary between plasma and substrate an adsorption takes place of gaseous 
components of the reaction gas and of the oxidation gas if th.s laner is introduced into chamber 
2, adsorpfon generally takes place if an atom or molecule appears on the surface and loses 
enough energy on the components of the surface in order to be bonded. Chemical absorption 
takes place if electrons are exchanged and ionic forces stop the atom or molecule. 

Once adsorbed, the atoms and ions migrate along the surface and react m order to form a 
thm film on the surface of the substrate. Dunng chemical deposition from highly dense plasma, 
a h.gh degree of element adsorption is ant.cipa.ed based on the high degree of dissociation. In 
this way fewer of the carbon-bonding positions are occupied by undesirable radicals such as H 
and OH since the carbon atoms are very free of these bonded radicals dunng adsorption on the 
surface. The desired effect of .he reduction of the number of "dangling" bonds within the film ,s 
Ukewise a result of using a highly dense plasma. The carbon a.oms then occupy a posi.ion in the 
glassy matrix which o.herw.se would be occupied by silicone a.oms in Oie purely amorphous 
SiO, That is to say. the carbon atom preferably occupies a position to which each of its four 
bonding poims an oxygen atom is bonded. After .he adsorption and reaction processes the 
gaseous by-products of the surface reactions are desorbed and removed from chamber 2. 

Based on the applied, highly dense plasma carbon and silicon atoms are liberated from 
radicals by means of which an increased thermal subili.y of U,e resul.ing dielectric thin film is 
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. ^ T-nn oxveen and carbon atoms may be adsorbed on the surface 
achieved. Moreover, the free s.hcon. oxygen ano 

^ f „^ r,Hical5 located thereon so that there is a smaller 
of the substrate and they may react free from radicals locate 

.K C H bonds an all together lower hydrogen content and a lower s.lanol 
number of positions with C-H bonds, an di s 

content in the resulting dielectnc thin film. 

THe use of methane/s.lane. TEOS. PTMS and/or MTMS as reaction gasses is preferred 

. of the reaction gas. The carbon atoms then become important 
molecular components of the reaction g 

, mm. The presence of the carbon atoms in the resulting thin film 

componenis of the uXi^.c uii.. -u- 

— Of*..".— 
„, . „^.c o, ^ - " - ^ * 

A .u^^ havp lower dielectric constants than 
.ere likewise produced from a highly dense plasma and they have 

n.rv the bondinc materials during a subsequent 
typical films do. Fluonne atoms may attack the bondmg 

treatment at increased temperature. 

Patent Claims 

P„„„ ro, . ^-^^ «»" - °"" ■ """"" 

from the gaseous phase is undenaken. 


I. 

one or sev 

ihe substrate and a chemical deposition 


coniainmg 
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componcms are forced to circulate onto the surface of the substrate. 

2. Process based on Claim .. characterised by us.ng one or several react.on gasses 

selected from the group consisting of 

(1) methane and silane. 

(2) letraethylonhosilicaie (TEOS), 

(3) methyl tnmethoxysilane (MTMS), and 

(4) phenvl trimeihoxysilane (PTMS). 

3. p.ocess based on Claim 1 or 2, characterized by the fact that in add.tion to the react.on 

gasses inen gas is introduced mto the chamber. 

4 Process based on one of Clatms 1 through 3. characten.ed by the fact that energy .s 

components adsorbed on the substrate surface 

5. P.ocess based on C.a.m 4. charac.enzed by heat.ng the substrate by means of a source 
of heat wh.le the reacfon components circulate close to the substrate. 

, P^ocess based on Claim 4. charactenzed by .ntroduc.ng the energy by bombard.ng the 
...e of the subs.ate w.th energy parades .h.le the components are c.rculat.ng Cose to the 


substrate. 


, p.ocess based on one of Ca.ms 1 through 6. charactcr.cd by desporb.n, the gaseous 

by-products from the chamber. 

, p.ocess based on one of Cla,ms 1 through 7, charactenzed by .eepmg the chamber a. a 

pressure of less than 1 00 mTorr. 
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9 Process based on Claim 8, characterized by keeping the chamber at a pressure of less 
than 25 mTorr. 

f ruim^ 1 throueh 9 characterized by adjusting a plasma 
10. Process based on one of Claims 1 uirougn y, 

density within the range from 10" to 10" ions/m'. 

ri»ims 1 throuRh 10. characterized by introducing an 
U. Process based on one of Claims l inrouKn 

oxidation gas into the reaction gasses in the chamber. 

,2. Process based on Claim „, characterized by using O. and/or HA -xida.ion gas. 

,3 semiconductor component with a semiconductor substrate and at least an S.O.C, thin 

film, characterized by the thin film having a dielectric constant between .5 and 3 5 and 

especially between 2.9 and 3.2. 


Attached 3 pages of Drawings 
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